Pulsatile perfusion bioreactor system for durability testing and compliance estimation of tissue engineered vascular grafts.
The aim of the study was to design, construct, and test a bioreactor for the conditioning of tissue-engineered vascular grafts under physiological pressure, flow, and environmental conditions and up to supra-physiological pulse frequencies (5 Hz) as the first step towards durability testing. The system also allows the calculation of the compliance of vascular grafts as an indicator of tissue development. The system relies on the combination of a pulse-free pump and a linear magnetic actuator applying pressure pulses with controllable profile and frequency. The compliance estimation is based on the accurate measurement of the vessel's diameter by means of an optical micrometre. Software-based interface enables the control of a magnetic actuator and data acquisition to monitor the conditions of the system. Porcine carotid arteries were tested in the bioreactor for up to 4 weeks at different pulse frequencies. The tissue was analysed by means of histology and immunohistochemistry. Physiological pressures (~80 and 120 mmHg for diastolic and systolic phase, respectively) were generated in the system at frequencies between 1 and 5 Hz. The environmental conditions within the bioreactor were monitored and online determination of the compliance of the arteries was achieved under sterile conditions. Conditioning of the grafts resulted in the abundant production of ECM proteins. In conclusion, we developed a bioreactor for the conditioning of tissue engineered vascular grafts under controlled pressure conditions. The system is suitable to perform durability tests at supra-physiological pulse rates and physiological pressure levels under continuous monitoring of environmental variables (pH, pO2, pCO2, and temperature) and compliance.